Treatment of 1,3-diphenyl-1,3-propanedione 1a with europium (III) chloride in the presence of piperidine results in the halide ligands exchange giving newly piperidinium tetrakis (1,3-diphenyl-1,3-propanedionato)europate(III) complex 2a. The complex was characterized by 1 H-NMR, positive FAB-mass, and Elemental Analysis. The exact molecular structure of 2a was determined by single crystal X-ray diffraction with the monoclinic space group Cc (centrosymmetric, No.13). The large cavity sizes of the complex 2a facilitated the inclusion of water and benzene solvate molecules. The other two different crystals 2b, 2c having two water molecules and one benzene molecule were obtained by the crystallization in different solvents and the exact molecular structures were determined by single crystal X-ray diffraction analysis with space groups P2 1 /n (centrosymmetric, No.14), and P2 1 /n (centrosymmetric, No.14), respectively. The eight coordinate structures of the complexes in the three crystals were slightly different due to the crystal packing and the existence of the solvent molecule(s). The photoluminescence studies indicated that four β-diketone ligands acted as strong antenna ligands and transferred the absorbed energy to europium (III) ion, consequently red luminescence was observed. These strong emissions were attributed to the 
and Elemental Analysis. The exact molecular structure of 2a was determined by single crystal X-ray diffraction with the monoclinic space group Cc (centrosymmetric, No.13) . The large cavity sizes of the complex 2a facilitated the inclusion of water and benzene solvate molecules. The other two different crystals 2b, 2c having two water molecules and one benzene molecule were obtained by the crystallization in different solvents and the exact molecular structures were determined by single crystal X-ray diffraction analysis with space groups P2 1 /n (centrosymmetric, No.14), and P2 1 /n (centrosymmetric, No.14), respectively. The eight coordinate structures of the complexes in the three crystals were slightly different due to the crystal packing and the existence of the solvent molecule(s). The photoluminescence studies indicated that four β-diketone ligands acted as strong antenna ligands and transferred the absorbed energy to europium (III) ion, consequently red luminescence was observed. These strong emissions were attributed to the 5 D 0 → 7 F 2 transition of Europium (III) ions under UV excitation. The photoluminescence spectrum of the three crystals was almost same in solid as well as in solution.
Introduction
The luminescent properties europium complexes have been of great interest because of their high luminescence emission efficiency, long fluorescence life time, large stokes shift, sharp emission bands [1] [2] [3] . Therefore, various europium complexes with various organic ligands have been investigated for decades and still the search for novel europium complexes has been attracting many researchers due to the important applications of these complexes as optical fiber lasers, electroluminescent displays and organic light emitting diodes [4] [5] [6] . On the other hand, β-diketones as organic ligands have been attracted great attention because of their high complexing ability due to O,O-donor ligands, which are widely used in co-ordination transition metals [7] . Among these, Europium (III) complexes with β-diketones possessing aromatics substituents displayed very good to excellent photo luminescent properties. Thus, various Europium (III) complexes with β-diketones were synthesized and evaluated for their photo luminescent prop- [12] .
In this context, we report the synthesis, structural and spectral properties of the octa-coordinate Europium (III) complex 2a, its two different crystals 2b, 2c having two water, benzene solvent molecules as guest molecules carrying four bidentate β-diketonato ligands having eight aromatic moieties and one piperidinium as a counter cation. Further, we have investigated the structural properties using X-ray analyses.
The luminescent intensity of the complex was quite strong because all coordinate positions of central metal ion; europium was occupied by β-diketonato ligands. In other words, the complex has no water molecule as ligand, which in general utilizes the excited energy on the f orbital ( 5 D levels) to the vibration relaxation of water molecule in solid and in solution state. Therefore, the excited energy on the f orbital ( 5 D levels) of the centered europium ion is effectively relaxed to 7 F levels only. Our recent research reported that the octa-coordinate homoleptic and heteroleptic europate (III) complexes carrying four bidentate ligands were synthesized and the structure of the homoleptic complex was unexpectedly cone-like by X-ray analysis without water molecule(s) as the ligand(s) [13] . The luminescent intensity of the complex was quite strong because the complex has no water ligand in solid and in solution.
Experimental

Materials and Methods
Highly purity europium (III) chloride, piperidine was purchased from the TCI 
Synthesis of Complex 2a and Its Two Different Crystals 2b, 2c
by Crystallization Process Crystallization of the complex was carried out using three different solvents (chloroform, ethanol, and benzene). Shapes of the obtained crystals were different; therefore, the three crystals may be including the solvent molecule(s).
M.p.: >210˚C (decomp. 
Single-Crystal X-Ray Analysis and Structure Determination
Crystals of two compounds 2a, 2b and 2c were obtained at room temperature by crystallization in different solvents.
The crystal data were recorded on a Bruker APEX II KY CCD diffractometer The crystallographic data of these complexes were summarized in Table 1 .
APEX2 software was used for preliminary determination of the unit cell [14] . Determination of integrated intensities and unit cell refinement were performed using SAINT program [15] . The structures were solved with SHELIXS-2014/7 [16] and subsequent structure refinements were performed with SHELIX-L2014/7.
Results and Discussion
Synthetically, piperidinium [tetrakis(1,3-diphenyl-1,3-propanedionato)europate (III)] complex 2a is obtained in 80% isolated yield from the corresponding ligand 1,3-diphenyl-1,3-propanedione by complexation reaction with europium (III) chloride in the presence of piperidine (Scheme 1). This reaction is a standard preparation procedure for lanthanide (III) complex [17] . Relative Intensity/a.u Wavelength/nm (Tables 2-4) . These values of bond distances and bond angles are in good agreement with those reported for other analogous Eu-β-diketonato complexes [19] . The piperidinium cation involving the N1atomis most stable chair form in the crystal. Molecular shapes of these complexes are fused double-cone like structures and the complex molecules have cavities (Figure 3) . The difference between 2a, 2b and 2c about the inclusion of solvate molecule is well explained that the difference of the largeness of the cavity consisting of the four ligands. The cavity sizes of the complex 2a seems to be larger. The large cavity sizes of the complex 2a facilitated the inclusion of water and benzene solvate molecules. Differences between these complexes and Calix [4] arene are environments internal spaces of cavities, in another words, aromatic parts on the Calixarenes are oriented π-electron surfaces to the cavity center. On the contrary, the aromatic parts on the complexes are oriented aromatic C-H protons to the cavity center. Therefore, the complex 2a, expected as new compound for undeveloped field of host-guest chemistry.
Conclusion
In conclusion, we reported the synthesis, characterization, crystal structure and photophysical properties of piperidinium [tetrakis (1,3- 
